WF-3681was isolated from a cultured filtrate of Chaetomella raphigera as a novel inhibitor of aldose reductase. It was extracted with ethyl acetate and then purified with silica gel chromatography. Its molecular formula was determined to be C13H12O5 by elemental analysis and high resolution electron impact mass spectrometry. IC50 of WF-3681was 2.5 x 10~7 mfor partially purified aldose reductase of rabbit lens.
Insulin therapy can greatly improve the life span of diabetic patients, yet they still suffer from the complications associated with diabetes, such as cataract1}, neuropathy2), retinopathy3»4) and nephropathy5).
Aldose reductase (EC 1.1.1.21) ( Fig. 1) , which catalyzes the conversion of glucose to sorbitol, stimulates the accumulation of sorbitol in the tissues where these complications develop during hyperglycemia.
Aldose reductase inhibitors, such as sorbinil, tolrestat and epalrestat, have been shown to reduce tissue sorbitol content in diabetic animals and also recently reported to be clinically potent as the therapeutic agents for diabetic complications. These evidences strongly suggest that sorbitol accumulation plays a critical pathophysiological role in the development of diabetic complications. In the process of searching for a novel aldose reductase inhibitor from microbial products, we discovered WF-3681 which inhibited the enzyme specifically. In this paper, the taxonomy of the producing organism, fermentation, isolation procedures, physico-chemical and biological properties of WF-3681 are described.
Materials and Methods

EnzymePreparation
Rabbit lenses were obtained from the eye of male Japanese white rabbit after sacrificing the animal by bleeding. Lenses were homogenized in 3 volumes of cold distilled water in a Teflon homogenizer and then centrifuged at 10,000 x g for 60 minutes to remove insoluble material. The supernatant was dialyzed overnight against 0.05 m sodium chloride. The dialyzed lens homogenate was used in the enzymatic reaction as a partially purified aldose reductase. All procedures for enzyme preparation were carried out at 4°C. Determination of Enzymatic Activity Aldose reductase activity was measured according to the method of Haymanand Kinoshita6) with slight modification. Oxidation of NADPH, a co factor for aldose reductase, to NADPwas determined spectrophotometrically using an automatic reaction-rate analyzer LKB-8600at 340 nm. In routine enzymatic assay, the reaction mixture contained 50 mMNa-phosphate buffer (pH 6.2), 0.125 him NADPH, 400 mMlithium sulfate, enzyme solution and 3 mM^/-glyceraldehyde as a substrate in a total volume of 1 ml. The reaction was started by the addition of^/-glyceraldehyde and NADPH. The reaction-rate was measured for 2 minutes. In the kinetic study of Lineweaver-Burk plot, several substrate concentration was employed as described in results. Fermentation A loopful of Chaetomella raphigera No. 3681 on mature slant culture was transferred into 250-ml Erlenmeyer flasks containing 80 ml of the seed medium and inoculated at 28°C for 72 hours. A 200-liter jar fermentor containing 160 liters of production medium was inoculated with 1,600 ml of the seed broth and cultured at 28°C for 84 hours under aeration of 100 liters per minute and agitation of 300 rpm. The composition of the seed and production media are shown in Table 1 .
Results
Identification
of Strain No. 3681 The strain No. 3681 was originally isolated from a soil sample collected at Fukuoka-city, Fukuoka Prefecture, Japan. The strain was a sphaeropsidaceous fungus characterized by pycnidia with a raphe and some setae (Fig. 2) . Its mycological characteristics were as follows.
Colonies on malt extract agar grew rapidly, attaining 7.0 cm in diameter after 2 weeks at 25°C, The colony surface was plane, cottony, yellowish brown to dark brown. Dark brown pycnidia and creamy sporodochia were produced on the surface. The reverse of the colony was dark yellowish brown to dark brown. Cultures on corn meal agar grew more rapidly than that on malt extract agar.
attaining 7.5 cm in diameter under the same conditions. The surface of the colony was plane, thin and subhyaline to white. The reverse was the same. The pycnidia and sporodochia were abundantly formed as brownish black and creamy dots on agar surface. The pycnidia of strain No. 3681 were superficial, ellipsoidal or reniform, with a raphe, 190 to 290>m long and 100 to 190^m thick. The raphe was composedof a narrow row of thinwalled cells bordered by thick-walled cells, and extending lengthwise over the upper part of the pycnidia. The setae were septate, brown, club-shaped, 30~60 x 3~4 urn in size, and beset with the upper part of pycnidia. The conidiophores were formed from inner pycnidial wall. They were hyaline, septate, filiform, irregularly branched, 20~40^m long and 1.5~2 //m thick, and produced blastconidia from the apex or the side of cells (Fig. 3) . The conidia were hyaline, one-celled, oblong to allantoid, sometimes having appendages at each end, and 6~8 X 2~2.5 jum. The cream-colored sporodochia were ampulliform to lageniform with setae at the upper point and produced conidial masses on their heads. The conidiophores, conidia and setae of sporodochia were the same morphs as that of pycnidia. The vegetative hyphae were septate, hyaline, smooth and branched. The hyphal cells were cylindrical and 2 to 6.5^m thick. The chlamydospores were absent.
The strain WF-3681grew at the temperature range from 9 to 39°C with the growth optimum at 27 to 31°C.
From above-mentioned characteristics and the description of Stolk (1963), we concluded that the strain No. 3681 belonged Chaetometta raphigera Swift, and named it Chaetomella raphigera No. 3681.
Isolation Procedure
The flow diagram of the isolation procedure described below is shown in Fig. 4 . The cultured broth was filtered with an aid of diatomaceous earth. The filtrate (120 liters) was then passed through a Diaion HP-20 column chromatography (20 liters) at pH 7.0 and the column was eluted with methanol (80 liters) after washing the column with water. The eluate was concentrated in vacuo to 8 liters of aqueous solution. The concentrate was washed with ethyl acetate (8 liters) at pH 9.0 and then extracted twice with 8-liter portions of ethyl acetate at pH 2.0. The extract was concentrated in vacuo. The resultant material was applied to a silica gel columnchromatography (1 liter) and the column was eluted with a mixture of «-hexane -ethyl acetate (1 : 1). The fractions containing active material were combined and applied to a silica gel column chromatography Table 2 . WF-3681 is soluble in methanol, acetone, ethyl acetate, ether and insoluble in benzene, /z-hexane and water. The color reactions of WF-3681 are positive in cerium sulfate, iodine vapor and ferric chloride and negative in ninhydrm, Molisch, Ehrlich and Dragendorff. Thin-layer chromatography was carried out on a silica gel sheet (Merck chromatogram sheet 60F254) using the solvent systems of chloroform -methanol (3 : 1) and /i-hexane - acetone -acetic acid (100: 100 : 1). The Rf values of WF-3681 were 0.7 and 0.5, respectively. The chemical structure of WF-3681will be described in succeeding papers70. Biological Properties WF-3681 inhibited aldose reductase with an IC50 of 2.5x10~7m as shown in Table 3 . The kinetic study of WF-3681 was performed in Lineweaver-Burk plot for aldose reductase. The result is shown in Fig. 7 . WF-3681 inhibited aldose reductase uncompetitively with^/-glyceraldehyde as substrate.
WF-3681 revealed no antimicrobial activity at the concentration of 5 mg/ml by pulp assay method against Staphylococcus aureus, Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa, Proteus vulgaris and Candida albicans.
LD50 of WF-3681 in ddY mice was greater than 750 mg/kg ip.
Discussion
Aldose reductase is considered to play an important role in the development of diabetic cataract, neuropathy, retinopathy and possibly nephropathy.
Recently, several aldose reductase inhibitors8), such as sorbinil9>10), tolrestat and epalrestatn), have been developed to the stage of clinical evaluation. In the course of our screening program, we discovered WF-3681as a potent aldose reductase inhibitor of microbial origin. WF-3681 inhibited partially purified rabbit lens aldose reductase with an IC50 of 2.5 x 10"7 muncompetitively.
Chemical structure of WF-3681was found to be a novel type as an aldose reductase inhibitor and its derivatives are now being assessed their therapeutic effect on the diabetic animal model. In vivo activities of WF-3681and its analogues will be reported in due course.
